The decomposition of La[Fe(CN) 6 ] and La [Co(CN) 6 ] under different atmospheres has been analyzed by thermogravimetry (TG) and differential thermal analysis (DTA). In addition, the decomposition temperature at different sample locations was monitored for sample masses around 2 g of La[Fe(CN) 6 ] and La[Co(CN) 6 ], when they were calcined for 1 h at temperatures ranging from 200 to 400 ºC in a controlled gas-flow system.
Introduction
Perovskite-type oxide, ABO 3 , has attracted much attention in the environmentalfriendly catalytic systems. Up to date, the perovskite-type oxides have been reported to exhibit high catalytic activity for oxidations of hydrocarbon [1, 2] and chlorinated volatile organic compounds [3] , and decomposition of NO [4] [5] [6] . In addition, the perovskite-type oxides have been widely investigated to be employed as electrode materials [7] [8] [9] [10] and sensing materials [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The preparation method of perovskite-type oxide catalyst has been progressively improved. Traditionally, perovskite-type oxides were prepared by solid state reaction of oxides and/or carbonates [22] [23] [24] . However, such a traditional method possesses the disadvantages of long processing time, low surface area, large particle size, and limited degree of chemical homogeneity. In 1967, Merzhanov et al. [25] reported the selfpropagating high temperature synthesis (SHS) method which takes advantage of a combustion reaction in order to synthesize advanced materials. Most of the heat required for the synthesis is provided by the reaction itself. Therefore, its treatment 3 temperature and the processing time are significantly lower than those of conventional preparation routes. One can also expect to produce very fine and crystalline perovskitetype oxide powders by using this SHS method [26] [27] [28] .Other combustion techniques are widely used to synthesize solid catalyst [29, 30] . Among them, the solution combustion synthesis (SCS) method is used to synthesize perovskite-type oxides [31] . In this technique, the liquid solution of a metal salt with a solvent as a fuel is heated until combustion occurs. Additionally, it is pertinent to remark that the SHS method differs substantially from the SCS method including the use of an ignition mechanism which heats locally the sample instead of heating the sample uniformly until volumetric combustion occurs [32] .
The thermal decomposition of heteronuclearcyano metal complex (CN method) is also used to prepare perovskite-type oxides because of their similar structure. It was introduced in 1968 by Gallager but it must be emphasized the extensive study carried out by Sadaoka and co-workers in the 1990s [19, [33] [34] [35] [36] [37] [38] [39] . In these papers, the preparation of perovskite-type oxides LaFeO 3 6 ]·5H 2 O calcined in a gas-flow system at several conditions, such as temperature, time, and atmosphere, has been investigated. These studies revealed that under oxygen atmosphere, both precursors decompose by a combustion process in which a solid-state self-sustained reaction transforms progressively the sample into the desired perovskite-type oxide. Reaction is not homogenous over the sample but it is confined in a combustion front. This result opens the door to the decomposition of heteronuclearcyano metal complex for the synthesis of perovskite-type oxides via SHS.
In this paper we analyze the synthesis of LaFeO 3 and LaCoO 3 perovskite-typeoxides via SHS using heteronuclearcyano metal complex as a precursor. Results will be 4 compared with those of similar perovskite-type oxides obtained via SHS using a mixture of different powders as a precursor [26, 27] . 6 1 M mixed solutions.
Experimental details
According to the method previously reported by Traversa et al. [37] , the resulting precipitates were collected by suction filtration, washed with deionized water, ethanol and diethyl ether, and then finally dried in air at 50ºC.
For systematic analysis, cyano complex precursors were calcined for 1 h at several treatment temperatures ranging from 200 to 400 ºC in a gas-flow system using an electric furnace and alumina pipe (Fig. 1a) ; the samples were exposed to several gas atmospheres such as oxygen, air and nitrogen atmospheres. The flow rate of each gas was set at 50 mL·min -1 .
Perovskite-type oxides were obtained by SHS after preheating the prepared cyano complex precursor at several treatment temperatures from room temperature up to 150 ºC using the same gas-flow system. The schematic view of the system is depicted in 6 ] was faster when the sample mass was increased under oxidant atmosphere (see Figure 2 (a, b) and Figure 3 (a, b), respectively). Later on it is shown that this behavior is associated to a sample overheating due to an exothermic reaction for oxidation of cyano groups in samples. A similar behavior has been reported before in the decompositions of other metalorganic powders [40, 41] . In the particular case of pure oxygen atmosphere, the extremely abrupt decomposition curve associated with higher sample masses is due to the sample local overheating leads to a thermal runaway, as it will be shown in the following.
In the presence of oxygen, all La[Co(CN) 6 ] samples but with the lowest mass (0.72 mg) exhibit the abrupt mass loss characteristic of the occurrence of a thermal runaway.
This behavior is related to the fact that the critical mass for combustion is lower in the case of La[Co(CN) 6 ] and it is too small to be accurately analyzed with our TG. Besides, 6 although the reaction is also exothermic under nitrogen atmosphere, no overheating is possible because heat removal through diffusion prevails over the heat evolved from the reaction. By increasing the thickness of sample powder, heat removal is slowed down.
Theoretically [42] there is a critical mass above which thermal explosion is possible even in the case of nitrogen atmosphere. Notice that in the occurrence of a thermal runaway, the decomposition of La[Fe(CN) 6 ] and La[Co(CN) 6 ] is completed at 350ºC and 400ºC respectively. Conversely, in the absence of a thermal runaway, the decomposition is completed around 650ºC. This temperature coincides with the decomposition temperature of lanthanum dioxycarbonate (LaO 2 CO 3 ) [43] , an intermediate compound that has been detected by XRD (see in the following). In the occurrence of a thermal runaway, the reaction is self-accelerated and evolves very fast resulting in the very abrupt mass loss exhibit by the TG. Under this conditions the reaction proceeds quasi-adiabatically, i.e., locally the sample temperature may approach the adiabatic temperature [40, 44, 45] while the temperature at the crucible walls remains nearly unaltered. Therefore, the actual sample temperature may easily be few hundred degrees above the temperature recorded by the TG.
To proof it, significantly larger samples of La[Fe(CN) 6 ] and La[Co(CN) 6 ] precursors (~ 2 g) were treated during 1h in a gas-flow system composed by an electric furnace and alumina tube under several atmospheres and treatment temperatures (See Table 1 While under air atmosphere the overheating is of the order of tens of degree, under oxygen thermocouples register a rise of hundreds. As expected, when nitrogen was used as the surrounding gas, the sample temperature closely followed the furnace temperature during the whole treatment. In addition, under oxygen atmosphere, we observed a local overheating that propagates through the sample, i.e., a combustion front is set.
Moreover, if the furnace power is turned off when the thermal runaway starts, the reaction is self-sustained, i.e., further heating is not necessary for the reaction to progress ( Figure 4c and Figure 5c ). Therefore, one can assume that La[Fe(CN) 6 ] and La[Co(CN) 6 ] under oxygen atmosphere decompose via combustion provided that the sample is large enough. The minimum thickness above which these precursors decompose via combustion process is determined by several experimental settings such as the sample geometry, the thermal conductivity or the ignition mode. Thus, critical thickness of the experiments carried out in the gas flow system cannot be directly extrapolated from the TG curves. The whole decomposition process of both heteronuclearcyano complex precursors lasted about 20 min. Taking into account that the sample was5 cm long, it means that the front propagates at a velocity of 2.5 mm·min -1 , which is an extremely slow speed for a combustion process [46] .
The XRD patterns related to the experiments listed in Table 1 are plotted in Figure 6 and and 400ºC, respectively. Under air, LaCoO 3 starts to crystallize at 400ºC. However, sample temperature is too low so that it would be necessary to make the treatment duration significantly longer to achieve a product as crystalline as the obtained under oxygen atmosphere at 350ºC.
Production of LaFeO 3 and LaCoO 3 perovskite-type oxides via. SHS
In view of the previous results, the possibility of producing LaMO 3 perovskite oxides by SHS has been considered. In this section, we report the effect of preheating the sample up to a specific temperature before the combustion front is set by ignition.
In Figure 8 and Figure 9 , 6 ] is all black, some white unreacted precursors remain in the vicinity of the supporting glass tube. It is important to emphasize that these precursors do not decompose by an explosive reaction but by a slow combustion process. This is particularly suited to the synthesis of films because all the reacted sample remains on the support. Independently of the preheating temperature, particle morphology and size are very similar as shown in the scanning electrons micrographs (SEM) of Figure 11 and Figure 12 .The intensity peaks of X-ray diffraction appear to be higher when the sample is preheated at a higher temperature.
The specific surface areas (SSA) of the previous samples are summarized in Table 2 . Figures 11 and 12 . However, an explanation for such a high surface areas could be provided by magnification of the SEM images. In Figure 13 we can observe porous in the LaCoO 3 particles and cracks in LaFeO 3 particles. In addition, it could be expected that the combustion front temperature will increase by increasing the preheating furnace temperature. Consequently the crystallinity of the sample will also increase. However, there is a low correlation between SSA and the ignition temperature.
This is probably related to the variations in the combustion front temperature while crossing the sample (Figure 4c and Figure 5c ). Therefore, it is difficult to obtain a homogeneous product ( Figure 10 ). However, it is significant that the SSAs of LaFeO 3 and LaCoO 3 synthesized by SHS using heteronuclearcyano complex precursors are much larger than those of LaMO 3 perovskite oxides synthesized by SHS using a mixture 
Conclusions
(1) La[Fe(CN) 6 ] and La[Co(CN) 6 ] decompose via a combustion process under oxygen atmosphere when sample is large enough. This fact allows the synthesis of perovskitetype oxides at temperatures that otherwise would be significantly higher.
(2) LaFeO 3 and LaCoO 3 perovskite-type oxide were successfully produced by the SHS method even at room temperature. However, we have not been able to obtain carbon free LaCoO 3 even if the cyano complex precursor is preheated up to 150ºC.
(3) The specific surface area of LaFeO 3 and LaCoO 3 perovskite-typeoxides produced via 11 SHS using heteronuclearcyano metal complex as precursors was higher than that of LaMO 3 obtained with the same technique but using other precursors. 
